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Abstract

Chronic myeloid leukemia (CML) is a hematologic malignancy that has become a largely manageable condition when treat-
ed with tyrosine kinase inhibitors (TKI). However, the lifelong treatment course required for most patients is associated 
with side effects and toxicities that can impact patients’ health-related quality of life (HRQOL). This review synthesizes 
current evidence on strategies to optimize HRQOL for patients on TKI. This can be achieved through supportive care to 
manage TKI-related symptoms, dose adjustments, switching to a different TKI, or treatment discontinuation for select pa-
tients. We examine the clinical rationale and empirical support for each approach. Emphasis is placed on the importance 
of clear patient-physician communication and authentic shared decision-making and individualized care to address the 
needs and experiences of patients and to improve HRQOL.

Introduction

The treatment of chronic myeloid leukemia (CML) changed 
dramatically in 2001, when imatinib was introduced as 
the first molecularly targeted cancer therapy.1 Imatinib, a 
tyrosine kinase inhibitor (TKI), induced disease response, 
markedly prolonged survival, and improved health-relat-
ed quality of life (HRQOL) compared to the best available 
drug therapy at the time.2 As an oral medication, imatinib 
was also more convenient for patients. Since the intro-
duction of imatinib as the first-generation TKI, other TKI 
have since been developed and approved by the US Food 
and Drug Administration (FDA) to treat CML, including the 
second-generation TKI dasatinib,3 nilotinib,4 and bosutinib,5 
and the third-generation TKI ponatinib6 and most recently 
asciminib.7,8 The efficacy of TKI means that the prevalence 
of CML continues to rise, with nearly 75,000 cases in the 
USA in 2022, according to SEER*Explorer.
While TKI offer clear improvements over other treatment 
options, TKI use is associated with symptoms, with TKI 
users commonly reporting fatigue and gastrointestinal 
symptoms, fluid retention, and skin problems,9 especially 

when compared to peers without cancer.10 These symp-
toms in turn impair HRQOL, including physical, mental, 
and social well-being. Moreover, long-term TKI use is as-
sociated with toxicities thought to be caused by inhibition 
of kinases other than BCR::ABL1.11 These toxicities include 
cardiovascular,12,13 renal,14-16 hormonal,17 neurological,18 and 
pulmonary19-21 adverse events. Finally, hematologic adverse 
events, such as cytopenias, may persist or recur during 
treatment and impair HRQOL.22 
Despite the approval of generic imatinib in 2015, TKI remain 
expensive, with per patient costs in the USA estimated at 
$600 per year for generic imatinib to $1,200,000 per year 
for third-generation TKI.23,24 Such high costs increase the 
financial burden on individual patients and their families 
and impact national health care expenditures. Moreover, 
they limit access to proper care; in one study of Medicare 
beneficiaries in the USA, nearly one in three older adults 
with CML had not initiated TKI treatment within 6 months 
of their diagnosis.25 The cost and inconvenience of the 
molecular testing required to assess disease response 
is also an important consideration for patients’ HRQOL. 
Across the USA, Canada, Australia, the United Kingdom, and 
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Europe, monitoring typically follows a schedule of every 3 
months until a major molecular response (MMR) is reached 
(BCR::ABL1 <0.1%), then every 3-6 months thereafter, unless 
a treatment change is made, when more frequent testing 
is required again.26,27 Requirements for frequent monitoring 
will affect some patients more than others, but the practical 
effects on patients’ daily lives should not be discounted. 
Moreover, in some countries, the cost of molecular testing 
required to assess disease response is not insignificant; 
the direct effect of this on the patient varies by country 
and health insurance standards. 
The vast majority of patients with CML can expect TKI treat-
ment to control their disease. The management of the ~10% 
of patients who do not respond to TKI treatment is beyond 
the scope of this manuscript. About 30%-50% of patients 
on a TKI will achieve a sustained deep molecular remission 
and can attempt a treatment-free remission (TFR), and 
roughly half will be able to maintain that TFR long-term, 
effectively a cure for CML.28 However, this means only 15%-
25% of patients achieve TFR, while the other ~75%-85% of 
patients require life-long treatment, because: (i) they do 
not reach the sustained deep molecular remission need-
ed to be eligible to try TFR; (ii) because they have disease 
recurrence after attempting TFR; or, in some cases, (iii) 
because they are apprehensive about discontinuing their 
TKI and would prefer to maintain TKI therapy.29 
Patients receiving TKI therapy may reasonably be catego-
rized into three groups based on their quality of life and 
treatment tolerance: a group of patients with good tolerance 
who experience minimal or no adverse effects from TKI 
and maintain a good HRQOL; a group of patients who are 
intolerant, who develop significant side effects – such as 
persistent diarrhea or grade 3/4 laboratory abnormalities 
– who clearly necessitate dose reduction or switching to 
another TKI; and an intermediate group of patients who 
experience side effects that impact their HRQOL but are 
still able to continue TKI treatment. This group represents 
an area of clinical uncertainty in which the decision to 
intervene is less clear.
To address this ambiguity, a panel was convened that in-
cluded a patient, clinical experts (physicians, pharmacists, 
and an advanced practice registered nurse), and an expert 
in HRQOL measurement.30 The panel used Delphi method-
ology to develop a consensus definition of TKI intolerance. 
The Delphi method is a formal, iterative process for con-
sensus-building, which systematically combines opinions 
by asking panelists to provide information (often using a 
questionnaire), discuss the anonymized responses, and 
then provide the information again.31 For patients in the 
intermediate group, the Delphi panel’s recommendation 
was for shared decision-making, recognizing that intoler-
ance is often patient-specific. For example, a professional 
driver may find the common side effect of daily diarrhea 
unacceptable due to limited restroom access, whereas 
a computer programmer who works from home may not 

perceive it as a burden significant enough to require a 
change in treatment. Striking the right balance between 
avoiding premature TKI switching and preventing impair-
ments in HRQOL is challenging, making open and ongoing 
communication between patients and clinicians essential. 
For all patients on TKI, treatment decisions should opti-
mize HRQOL. HRQOL can be improved one of four ways: 
(i) supportive care to manage symptoms and prevent tox-
icities; (ii) using a lower dose of the TKI to reduce toxicity; 
(iii) switching to a different TKI; or (iv) TFR (for eligible 
patients). Each strategy is examined in terms of its clinical 
application and impact on HRQOL.

Supportive care to manage symptoms 
and prevent toxicities
Many symptoms attributed to TKI may be expected to im-
prove with time,27 so helping patients to manage any symp-
toms should be the first method to try to improve patients’ 
HRQOL. We found one published empirical evaluation of 
supportive care for TKI-associated fatigue: a randomized 
controlled trial of cognitive behavioral therapy versus usual 
care in 44 patients with CML, which showed a significantly 
and clinically meaningful improvement in fatigue with cogni-
tive behavioral therapy.32 However, while such direct evidence 
for supportive care management in CML is limited, there 
are numerous guideline- and expert-based approaches for 
managing common symptoms (Table 1) which draw on evi-
dence from symptom management in other malignancies.27 
These options include behavioral modifications (e.g., sleep 
hygiene for sleep disturbances) and medical management 
(e.g., ondansetron for nausea). For some symptoms, identi-
fying contributing factors (e.g., anemia exacerbating fatigue) 
or underlying conditions (e.g., dyspnea due to edema versus 
pleural effusions) will help to guide management. Given 
time pressures in clinic visits, there is an important role for 
mid-level practitioners in supportive care.33 
In addition to symptom management, supportive care 
strategies aimed at preventing toxicities may also be ap-
propriate. Chiefly, given the known cardiovascular risks of 
TKI use,34 prevention of cardiovascular toxicities should be 
encouraged through blood pressure and lipid control as well 
as healthy diet and exercise. While there are no empirical 
studies evaluating whether lifestyle changes can prevent 
TKI-related toxicities, there is strong evidence for these 
approaches to reduce atherosclerotic cardiovascular dis-
ease in general. For patients initiating nilotinib or ponatinib 
treatment, evaluation by a cardio-oncologist is warranted.
Management of more serious adverse events and toxicities 
requires more than supportive care or prevention. Hema-
tologic, cardiovascular, pulmonary, renal, and neurological 
toxicities should be treated using dose interruptions, dose 
reductions, and switching to a different TKI; these strate-
gies are addressed in the subsequent sections. 
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Dose reduction

If supportive measures do not lead to symptom improve-
ment or if the patient has a more serious toxicity, and 
the patient has an adequate disease response based on 
guidelines, then the next consideration should be reduc-
ing the dose of the TKI.35 This section describes what is 
known about the efficacy of dose reductions and asso-
ciated effects on HRQOL. From clinical experience, many 
patients report an improvement in symptoms with dose 
reductions. However, very few studies have empirically 
evaluated long-term TKI dose de-escalation,36 and none 
has published final results that include patient-reported 
outcomes (PRO). Thus, the evidence for the effects of dose 
on HRQOL is limited to clinician-reported adverse events. 
Table 2 summarizes the key studies on dose reductions.
Imatinib, bosutinib, dasatinib, nilotinib, and asciminib are 
the FDA-approved frontline therapies for patients with 
newly diagnosed CML. Their approvals were based on trials 
comparing “standard dose” TKI to previous treatments.3-5,37 
In these trials, dose reductions were indicated for signifi-
cant adverse events; no reductions were indicated based 
on disease response. The safety of a lower dose of TKI has 
been demonstrated in several small studies, either start-
ing with a lower dose or reducing the dose when patients 
responded. 
In a phase II study from the MD Anderson Cancer Center, 
dasatinib was given at a dose of 50 mg daily instead of the 
FDA-approved dose of 100 mg. Of the 81 patients enrolled, 
81% achieved a MMR at 12 months. This was significantly 
higher than the percentages in the randomized phase III 
trial of dasatinib versus imatinib in which MMR rates were 
46% for dasatinib and 28% for imatinib. The rates of ad-
verse events, specifically pleural effusions, were lower than 
those in historical controls.38 
A lower starting dose of nilotinib once daily has not been 
evaluated as frontline therapy, despite the original phase I 
trial demonstrating that a dose of 400 mg daily was asso-
ciated with response and a trough level of 1,000 ng/mL.39 
That level was well above the therapeutically effective dose. 
A strategy of “induction” with nilotinib at full dose given 
twice daily followed by a once daily “maintenance” when 
patients are in MMR was shown to be safe and feasible in 
the NILO-RED study.40 Although not commonly used, thera-
peutic drug monitoring may have benefit for patients on TKI 
therapy. Some,41,42 but not all studies43-45 found a correlation 
between trough levels and response to imatinib. Based on 
the original IRIS trial of imatinib, fluid retention, muscle 
cramps, rash, myalgia, and anemia were more common in 
patients in the fourth quartile with imatinib levels >1,170 ng/
mL. Responses correlated with steady-state trough levels 
on day 29. A level of approximately 1,000 ng/mL seems to 
have the best response to toxicity benefit ratio. Dasatinib 
dose reduction based on trough levels was also shown to 
be feasible. Most patients could reduce to 50 mg daily and 

still maintain disease response.46,47 
One of the largest studies was the DESTINY trial.48 The 
goal in the DESTINY trial was treatment discontinuation, 
which was attempted in patients with a BCR::ABL1 <0.1% 
(MMR) who maintained that response following 1 year of 
dose reduction. Overall, 80% of patients maintained a 
BCR::ABL1 <0.1% with dose reduction. Of those patients 
who then attempted discontinuation, 50% were success-
ful in maintaining a TFR. It is not known what would have 
happened if those patients had stayed on a lower dose 
of TKI and not attempted TFR. A separate retrospective 
study also demonstrated that a lower dose of TKI does not 
compromise the chances of a successful TFR.49

One of the few studies that prospectively evaluated the 

Symptom Supportive care options

Diarrhea Antidiarrheal medications (e.g., loperamide)
Dietary adjustments

Muscle cramps

Magnesium or calcium replacement
Levocarnitine84

Stretching
Hydration 

Analgesics (e.g., acetaminophen, NSAID)

Fatigue

Exercise
Cognitive behavioral therapy32

Yoga
Acupuncture85

Manage contributing factors (anemia, thyroid 
issues, sleep disturbances)

Fluid retention
Salt restriction

Leg elevation, compression stockings
Diuretics

Nausea
Taking TKI with food (imatinib, dasatinib and 

bosutinib)
Small frequent meals

Anti-emetics (e.g., ondansetron)

Skin rash/itching

Topical corticosteroids
Antihistamines

Skin moisturizers
Gentle skin care

Systemic corticosteroids

Headaches/
musculoskeletal 
pain

Analgesics (acetaminophen, NSAID)
Heat/cold therapy

Stretching

Mood/sleep 
disturbances

Sleep hygiene
Exercise

Counseling/psychological support
Medication review

Dyspnea
Evaluate etiology and manage underlying 

condition
Thoracentesis

Table 1. Guideline- or expert-based supportive care management 
of common symptoms related to the use of tyrosine kinase 
inhibitors.

NSAID: non-steroidal anti-inflammatory drug; TKI: tyrosine kinase 
inhibitor.
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Study TKI Design
BCR::ABL1 

threshold for 
dose reduction

BCR::ABL1 
threshold for 
dose increase

CML response Clinician-
reported AE PRO

CML12 
(DIRECT)47 Dasatinib

Dasatinib 100 mg. 
Reduce dose to 70 

mg then 50 mg 
based on Cmin at 
7, 28, 56 and 90 

days (N=80)

NA NA

83% of patients 
reduced dose by 28 

days. 
At month 24, 10%, 

18% and 51% were on 
100, 70 and 50 mg, 

respectively

Improved 
tolerability, 

particularly with 
respect to 

pleural effusions

Not collected

NILO-RED40

(France) Nilotinib

Reduce from twice 
daily dose to once 

daily dose for 
convenience 

(N=67)

<0.1% >0.1%
Two patients lost MR3 
but regained it after 4 
months without a dose 

increase

Improved 
tolerability, 
minimal AE 
recurrence

Not collected

DESTINY48,86

(United 
Kingdom)

Dasatinib 
Imatinib 
Nilotinib

Reduce dose to 
50% for 1 year then 

discontinue to try 
for TFR (N=173)

<0.1% >0.1%

20% lost MR3 and 
returned to full dose; 

80% tried TFR, of 
whom 50% lost MR3 
and returned to full 

dose

Common chronic 
AE (lethargy, 

diarrhea, rash, 
nausea, 

periorbital 
edema, and hair 

thinning) 
improved on 
lower dose

FACT-BRM & 
EQ-5D were 
collected but 
not reported86

OPTIC6

(International) Ponatinib

Start advanced 
patients on 45, 30, 

or 15 mg, then 
reduce dose 

(N=283)

≤1% >1%

MR2 was reached by 
42%, 28% and 24% of 
patients in the 45, 30 
and 15 mg starting 

groups, respectively

Lower incidence 
of arterial 

occlusive events 
and other 
toxicities

Not collected

CML Spanish 
Group 
(GELMC) 
study87

Imatinib

Reduce dose from 
400 to 300 mg for 

patients with 
sustained deep 

response (N=43)

<0.01% - One patient lost MR4; 
no patients lost MR3

Improved 
tolerability, 54% 
of patients with 
side effects had 

complete 
resolution

Not collected

OPTIM-
dasatinib46

(France)
Dasatinib

Patients on 100 mg 
with a dasatinib 

level >3 nmol/L by 
TDM were 

randomized to 
continue same 

dose or reduce to 
lower dose

(N=80)

NA NA

No significant 
difference in MR3 
rates between the 
TDM reduced dose 

arm (78%) and control 
arm (59%)

Fewer pleural 
and pericardial 
effusions in the 
TDM reduced 

dose arm (13%) 
than in the 
control arm 

(43%)

Not collected

RODEO55,56

(Netherlands)

Imatinib 
Dasatinib 
Nilotinib 

Bosutinib 
Ponatinib

Dose reduction 
based on shared 
decision-making 
between patient 
and physician 

(N=147, results are 
for the 97 included 

in the 12-month 
interim results)

<0.1%; of note, 
92% of 

participants at 
<0.01% at 
baseline

>0.1% or 
expected loss of 
MR3, e.g. due to 
≥ 1 log increase 
com¬pared to 

baseline 
molecular status

Three patients lost 
MR3, three other 

patients increased 
dose without loss of 

MR3, one because of 
expected loss of MR3, 
and two because they 
chose to; the median 

relative dose reduction 
at 6 months was 25% 

of the initial dose

Not reported

EORTC 
QLQ-C30 and 
QLQ-CML24:   

medium 
improvement 

in social 
functioning 
and small 

improvements 
in fatigue, GI 
symptoms, 
impact on 

daily life, and 
body image

Table 2. Published studies of tyrosine kinase inhibitor dose reduction.

Continued on following page.
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safety and efficacy of dose reduction was the OPTIC trial 
of ponatinib.50 Ponatinib is a very effective drug, but it was 
found to be associated with a significantly increased risk 
of cardiovascular toxicity.51 This reported increased risk of 
cardiovascular toxicity led to early termination of the front-
line study of imatinib versus ponatinib in the EPIC study.52 
With this early termination, the efficacy of ponatinib in 
the frontline setting could not be assessed. Based on the 
increased cardiovascular toxicity, the OPTIC trial was de-
signed to allow for ponatinib dose reduction once patients 
achieved an adequate response, defined as BCR::ABL1 <1%. 
The OPTIC trial enrolled patients with resistant CML with 
or without the T315I mutation. Patients were randomized 
to one of three arms: ponatinib 45 mg, 30 mg, or 15 mg. 
For the 45 mg and 30 mg arms, the dose was reduced to 
15 mg once BCR::ABL1 <1%. The study demonstrated that 
the best benefit-to-risk ratio was starting with 45 mg and 
reducing to 15 mg, once patients achieved a response, es-
pecially for those with a T315I mutation. Bosutinib is known 
to cause significant diarrhea at initiation which gradually 
resolves. This significant diarrhea at initiation leads to 
frequent treatment discontinuation in the first few weeks. 
To avoid that, the BOGI trial (BOsutinib Gradual Increase) 
evaluated starting with a lower dose of bosutinib (200 
mg) and slowly escalating by 100 mg every 2 weeks in the 
absence of grade 2 or higher adverse events. In the BOGI 
trial, the discontinuation rate dropped to 11%, compared 
to the historical rate of 32%.53 In the phase I/II studies of 
bosutinib in patients with resistant CML, approximately 
30% of patients received a reduced bosutinib dose of 300 
mg or 400 mg. Despite the dose reduction, efficacy was 
maintained, and the response rate was similar to that in 
patients who did not reduce the dose.54 
The ongoing Dutch RODEO study is the first prospective 
study to use patient education and shared decision-making 
to make TKI dose reduction decisions. Eligibility included 
BCR::ABL1 <0.1%, although 91% of the 147 patients enrolled had 

a deeper response of <0.01%. A strict threshold for disease 
response is being used: if even one polymerase chain reaction 
shows BCR::ABL1 >0.1%, TKI doses are increased again. With 
12 months of follow-up on 97 patients, 13% have increased 
their dose again.55,56 RODEO included PRO, and administration 
of both the EORTC QLQ-C30 and QLQ-CML24. The interim 
results show medium-sized improvements in social func-
tioning and small improvements in fatigue, gastrointestinal 
symptoms, impact on daily life, and body image.
A distinct but related strategy to reduce side effects and 
improve HRQOL is to use intermittent dosing. In the IN-
TERIM study (intermittent imatinib),57 patients older than 
65 years old who had at least a cytogenetic response on 
imatinib started intermittent doses of imatinib, 1 month on 
and 1 month off. Half of patients maintained their disease 
response, and no patient progressed to a more advanced 
phase. The study did not include measurement of HRQOL. 
For the 20 of 76 patients who reported side effects, half 
of them said these went away on the intermittent dosing 
schedule (particularly muscle pain, cramps, and fluid re-
tention).

Switching to a different tyrosine 
kinase inhibitor
If a patient experiences intolerance despite symptom man-
agement and dose reduction, then a discussion of switching 
to a different TKI is warranted. Some patients are hesitant 
to switch despite having side effects that are significantly 
affecting their HRQOL, feeling that switching means that 
they are weak or have failed if they cannot handle the side 
effects. It is important to discuss with patients that they 
may feel better on a different TKI, and that switching is 
common. Across clinical studies, approximately 20-40% of 
patients ultimately switch from their initial TKI.3,58-60 
The choice of TKI will depend on the reason for intolerance, 

READIT88

(Russian 
Federation)

Imatinib 
Dasatinib 
Nilotinib 

Bosutinib

Two phases:  
(I) doses were 
approximately. 
halved, if DMR 

maintained, then 
(II) dose was 
halved again, 
followed by 

attempted TKI 
discontinuation if 
eligible (N=103)

<0.01%;  
of note, 95% of 
participants at 
≤0.0032% at 

baseline

>0.1%

In phase I, one patient 
lost MR3, four patients 

lost MR4
In phase II, four 
patients lost MR3 and 
13 patients lost MR4
All patients regained 
MR3 with TKI dose 
increases

Not reported Not collected

Study TKI Design
BCR::ABL1 

threshold for 
dose reduction

BCR::ABL1 
threshold for 
dose increase

CML response Clinician-
reported AE PRO

TKI: tyrosine kinase inhibitor; CML: chronic myeloid leukemia; AE: adverse events; PRO: patient-reported outcomes; Cmin: minimum concen-
tration; NA: not available; MR2: molecular response (2-log reduction in BCR::ABL1); MR3: molecular response (3-log reduction in BCR::ABL1); 
MR4: molecular response (4-log reduction in BCR::ABL1); TFR: treatment-free remission; TDM: therapeutic drug monitoring; GI: gastrointesti-
nal; EORTC: European Organisation for Research and Treatment of Cancer; DMR: deep molecular response.
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comorbidities, and line of therapy. Some general concepts 
are: (i) avoid switching to another TKI that is commonly 
associated with the same side effect, e.g., if a patient is 
experiencing diarrhea, avoid switching to imatinib or bo-
sutinib; (ii) avoid rapid switching for patients who are on 
later lines of therapy; and (iii) select the next TKI based on 
the patients’ comorbidities, e.g., avoid dasatinib in patients 
with pulmonary problems, avoid imatinib and bosutinib in 
patients with gastrointestinal symptoms, avoid nilotinib 
and asciminib in patients with history of pancreatitis, and 
avoid nilotinib and ponatinib in patients with history of 
cardiovascular problems. The patients’ age also plays a 
factor in the decision, as patients are more likely to have 
more comorbidities with advancing age. 
Cross-intolerance occurs when the same side effect 
persists even after switching to a different TKI (Table 3). 
This has been observed among second-generation TKI 
following a switch from imatinib. Hematologic toxicities 
tend to persist after switching, whereas non-hematologic 
adverse effects often improve. Bosutinib as a second- or 
third-line treatment after imatinib was well tolerated 
overall with 62% of patients experiencing the same ad-
verse event, but only 16% discontinuing due to the same 
adverse event. Thrombocytopenia and pancytopenia were 
the most common reasons for discontinuation because of 
the same adverse event. Of the 13 patients who discontin-
ued imatinib because of diarrhea, 11 (84.6%) experienced 
diarrhea of any grade, five (38.5%) experienced grade 3/4 
diarrhea and 7.7% discontinued bosutinib due to diarrhea. 
Similarly, the rates of thrombocytopenia and discontin-
uation due to thrombocytopenia with bosutinib after 
dasatinib were high, with 100% of patients experiencing 
thrombocytopenia and 38.5% discontinuing because of 
thrombocytopenia. Patients who develop a pleural effusion 
with dasatinib have a high chance of developing pleural 
effusions with bosutinib and this should,  therefore, be 
avoided if possible.61,62 Overall there is minimal non-he-
matologic cross-intolerance for dasatinib after imatinib 
therapy.63,64 Hematologic toxicity leading to discontinuation 
of dasatinib occurred in 13% of patients. Nilotinib after 

imatinib was also well tolerated with minimal cross-intol-
erance for non-hematologic toxicity. Only 6% of patients 
developed cross-intolerance to the non-hematologic side 
effects and none of the patients discontinued because of 
the same adverse effect that they had developed while 
on imatinib.65 Hematologic toxicity remained significant 
with over half of the patients developing hematologic 
adverse events, mainly thrombocytopenia, and all seven 
patients who discontinued therapy did so due to recurrent 
thrombocytopenia. The ASC2ESCALATE trial66 evaluated 
asciminib as second-line therapy after progression or intol-
erance to one prior TKI. Most patients who transitioned to 
asciminib due to intolerance to prior TKI largely remained 
on therapy, suggesting a low incidence of cross-intoler-
ance.67 However, detailed data about cross-intolerance 
from this cohort have not yet been published. 

Attempting a treatment-free 
remission 
For patients who are in a sustained deep molecular re-
sponse, an attempt at TKI discontinuation and a TFR is 
warranted. TKI adherence is critical in order to reach a 
sustained deep molecular response. Previous systemat-
ic reviews of interventions to improve adherence to TKI 
reported that the most effective interventions included 
multiple components (education, reminders, and struc-
tured follow-up) and involved pharmacist and nurses.68-70

There have been multiple trials of TFR.71 Two large studies 
of TFR have published patient-reported HRQOL data, which 
we now discuss in detail.
The US Life After Stopping TKIs (LAST) study was the first 
to demonstrate that TKI discontinuation results in clinically 
meaningful improvements in a broad range of PRO, assessed 
using National Institutes of Health PROMIS PRO measures, 
in particular, reduced fatigue and diarrhea72 and improved 
social functioning.73 While about one-third of participants 
experienced an increase in pain in the first 3 months after 
TKI discontinuation (termed TKI withdrawal syndrome), the 

First TKI Intolerance to first TKI Second TKI Recurrence of AE, % Discontinuation for 
same AE, %

Imatinib61 Diarrhea Bosutinib 84.6 7.7

Imatinib61 Thrombocytopenia Bosutinib 79.4 32.4

Dasatinib61 Thrombocytopenia Bosutinib 100 38.5

Dasatinib61,62 Pleural effusions Bosutinib 46-52 8.7

Imatinib63 Hematologic toxicity Dasatinib NR 13

Imatinib65 Hematologic toxicity Nilotinib 57.5 18

Table 3. Select cross-intolerance symptoms and signs.

TKI: tyrosine kinase inhibitor; AE: adverse event; NR: not reported.
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LAST study also showed that such increases in pain were 
transitory, returning to normal by 6 months.74 The LAST 
study was also used to estimate costs for US adults using 
a TKI, attempting discontinuation with increased molec-
ular monitoring, and reinitiating TKI therapy, if clinically 
appropriate. It was shown that attempting discontinuation 
of TKI therapy could save the US healthcare system over 
$54 billion during the next 30 years.75

The EURO-SKI76 trial was a large TKI discontinuation study 
conducted in 11 European countries. Using EORTC QLQ-C30 
and FACIT-Fatigue PRO measures, it showed improvements 
in diarrhea and nausea/vomiting among the 686 partici-
pants who completed the PRO measures. Younger patients 
(18-59 years old) reported sustained improvements in fa-
tigue, as well as role and social function. The youngest age 
group (18-39 years old) reported improvements in cognitive 
function. Finally, increased pain was observed in 23% of 
participants and was associated with longer time on TKI 
treatment and older age.
Long-term studies are ongoing to evaluate the long-term 
effects of TFR, but it is likely that TFR may eliminate many 
of the more serious toxicities associated with extended TKI 
use, for example, dasatinib-associated pleural disease.77 
Yet, continued monitoring is needed, both to confirm sus-
tained CML control as well as to screen for late effects of 
prolonged use of TKI, such as organ injury and vascular 
occlusive disease (nilotinib and ponatinib).78,79

For patients who would like to discontinue but have not 
achieved the required deep molecular response, studies 
are ongoing to help them to reach deep responses.80,81 
Likewise, for patients who were not successful in their first 
TFR attempt, ongoing studies are testing new approaches 
to a second TFR attempt.82,83 

Conclusion

To improve HRQOL for patients with CML, active man-
agement is needed. An approach of “pick a TKI, set it and 
forget it,” does not work for patients. While CML has be-
come a manageable chronic condition for most patients 
on TKI therapy, long-term TKI use presents challenges that 
impact HRQOL, including symptoms, financial burden, and 
long-term toxicities. An active management approach will 
use supportive care to manage symptoms and prevent 
toxicities, dose reductions, switching TKI when necessary, 
and pursuing TFR for eligible patients. Tailoring treatment 
strategies to individual patients’ needs and preferences 
– particularly through authentic shared decision-making 
that incorporates regular symptom monitoring in addition 
to disease monitoring – is critical to optimizing outcomes. 
Continued research and patient-centered care models 
will be key to further improving the HRQOL of individuals 
living with CML.
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